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Precise k ine t ic  data fo r  the conversion o f  3 t l  ortho- 

paratr i t ium i n t o  l r l  ortho-paratritium on 8 coconut charcoal a t  
l i q u i d  neon temperature have been obtained, The publication o f  

these data w i l l  appear i n  Zei tschi f t  fur Maturforschunq i n  March 

1963. (Twentydive copfes o f  t h i s  manuscrfpt were forwarded t o  

NASA i n  November 1962). 

The h a l f l l i f e t i m e  f o r  the conversion a t  27,b°K ( l i qu id  

neon) was found t o  be one minute8 back conversion on the sgme 

coconut charcoal a t  the temperature o f  l iquid nitrogen (77.4OK) 
gave a hal f - l i fe  o f  0.92 minutes. For hydrogen under identical 

conditions the hal f - l i fet ime was twenty-four times slower. To a 
f i r s t  approximation the magnitude o f  the difference between hydrogen 

and t r i t f u m  resul ts  i n  a factor o f  eight when one considers the 

t rensf t ion probabi l i ty  expression derived by Wigner") fo r  the homo- 

geneous conversion i n  the gas phase. Thls marked variation be- 
tween hydrogen and t r i t ium i s  a most s t r i k i n g  and interest ing re- 

s u l t  and deserves further investigation. I n  t h i s  connection the 
effect o f  ions i n  the gaseous and s o l i d  state i s  now being studied, 

Currently we are engaged i n  establishing the k inet ics  

f o r  the followingc conversion o f  t r i t i u m  i n  a so l i d  l a t t i c e  con- 
ta in ing hydrogen) back conversion of paratr i t ium (1 t l )  ortho& 

paratr i t ium mixture' fn the presence o f  n i t r i c  oxide a t  room 

temperature, which i s  en fndependent measure o f  the nuclear mag- 

net ic  moment; half=l i fet ime of conversion fo r  pure t r i t ium a t  the 

temperature o f  l i q u i d  heliumj and the conversion o f  t r i t i u m  on 
s i l i c a  gelr 

Prelim4naf.y resul ts indicate a hal f=l i fet ime o f  100 
minutes fo r  the mixture o f  hydrogen and t r i t i u m  i n  the so l i d  state, 

For the homogeneous back conversion o f  t r i t i u m  i n  the presence 

of n i t r i c  oxide the measured half=lifetfme was 17 minutes1 t h i s  

resul t  agrees with the data reported by Farkas") for  hydrogen beck 

converting under similar conditions, allowance being made for the 

change o f  mass as requfred by the t rans i t ion probabi l i ty  expression 
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o f  Wigner. Measurements related t o  the so l i d  phase conversion and 
conversion on s i l i c a  gel are i n  procedure, 

A t  the Spring Meeting o f  the American Chemical Society i n  
March 1963 a second paper on the t r i t i u m  system w i l l  be presented 
and published i n  the Journal of  the American Chemical Societyc Prior 

t o  th is - t ime the requis i te copfes o f  t h i s  paper w i l l  be forwarded 

t o  NASA. 

Future work w i l l  be dlrected toward esteblishfng the effects 

of the ions produced by the radioactive decay of t r i t ium on the 
mechanism of conversion for the homogeneous and heterogeneous phases. 
I n  the future af ter  completing our experimentation on ortho- and 
paratr i t ium we plan t o  conduct exploratory experiments on orthorn and 

para N,, 
hope that the knowledge acquired wi th the ortho- and perbtr l t fum 

experiments w i l l  help us to  make a successful approach t o  t h i s  very 

tempting but experimentally d i f f l c u l  t field, 

N,, and N1, - MI, and on the three methane systerns. We 

h i  terature 

Copies o f  papers discussed a t  the Informal Conference on Photo- 

chemistry I n  Brussels i n  June, 1962 are attached. This work was 
supported i n  part by t h l s  grant. 
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Chemical Reactfons o f  Excited Molecules* 

Robert R. Reeves, Jr. and Paul Herteck 

Rensselaer Polytechnic Ins t i t u te  

Troy, N. Y. 

ABSTRACT 

The excited molecules are produced by use of  a 
surface catalyst. The chemical reactions o f  the 

excited molecules (N&t) w i t h  d i f ferent  substa 

discussed along with the reaction of  the excited 

molecule (O#&J) wi th  oxygen and n i t r i c  oxide. 

action of  highly v ibrat ional ly excCted OH tadice 

+ 

discussed. 

nitrogen 

ces are 

oxygen 

The Cnter- 

s i s  also 

Discussed a t  the Informal Conference on Photochemistry 
a t  the University o f  Brussels, June 1962 
Abstract w i l l  appear i n  the B u l l  Soc. Chim. b l g ,  spring 1963 
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Chemiluminescent Reactions of Major 
Importance f o r  the Upper Atmosphere* 

Paul Harteck 

and 

Robert R. Reeves, Jr. 

Rensselaer Polytechnic I n s t i t u t e  
Troy, N e  Y e  

ABSTRACT 

A huge reservoir of oxygen atoms (and t o  a minor extent 

nitrogen atoms) i s  present i n  the upper atmosphere, extending 

upward from about 100 kilometers. This abundance o f  atoms would 

be su f f i c ien t  for  substantfa1 i l luminat ion of the night sky i f  
appropriate reactions could be found. In the pressure region o f  

1 mil l imeter t o  an atmosphere, the 2-body co l l i s i on  reactions 

y ie ld ing  l i g h t  play a mfnor role. A t  pressures substantial ly 

below one m i l  limeter, these, reactions become dominant and may 
be the answer for th is  problem, A series of  reactions# including 
nitrogen, SUI fur and phosphorus compounds, the resul ti ng 11 ght 

emission, and related problem are dCscussed. 

*Delivered a t  the Informat Conference on Photochemistry 

e t  the University o f  Brussels, June 19620 

Peper and abstract w i l l  appear i n  ths Bull .  Soc. Chim. 
'big., spring 1963. 



CHEMILUMINESCENT REACTIONS OF MACOR 
IMPORTANCE FOR THE UPPER ATMOSPHERE* 

bY 
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R e  R. Reeves, Jr. 

Rensseleer Polytechnic I n s t i t u t e  
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The release of  n i t r ic  oxide I n  the upper atmosphere s i x  years 

ago by Or. t e l i k o f f  and h i s  group(')gave s t r i k ing  evidence f o r  the 
exjstence o f  the chemosphere and par t i cu la r ly  the re la t i ve ly  high con- 

centrat ion o f  oxygen atoms i n  th is  reglon. T h b  paper discusses some 
considerattons and leboratory experiments we heve made concerning 

possible chemical releases and the i r  e f fec t  on the upper atmosphered and 
also what informetion might be obtained 4n thts way about the nature of 

the rppdr atmosphere. 

The solar radiat ion has an intensi ty wh9ch i s  8 maximum i n  the 
v is fb le  reglon around 5000 A. I n  the upper atmosphere regions where 

the to ta l  pressure i s  one mlcron or less, one need consider only radi-  

a t ion  which has a very high absorption coefficient. Radiation below 
1800 A i s  absorbed by oxygen i n  t h i s  region to  form 0-atoms. 

lower wavelengths s ta r t ing  about a t  Lyman a (1216A) can make both 
ionlzat ion and dissocfation precesses i n  the atmosphereL This sun of 

effective radiat ion i s  less that a per m i l  of the to ta l  energy of solar 

rediet i on. 

S t i l l  

This  release of  NO by Or, Zelikoff end h i s  group a t  about 106 
Ian gave a luminosity which was elmost exactj-y what was predicted. The 
n i t r i c  oxtde reacts wlth O-atoms giv ing the well-known reaction: 

NO + 0 r, NO, + hut k 3.10m17 ( 1 )  (Ref 2) 

NOa + 0 3 NO + 02; k rr (2) 

which my be followed by 



2. 

The luminosity result ing from the NO release was readi ly 

observable indicating the presence o f  0-atoms. 

concentration o f  1 - 3 x 1012 part ic les per cubic centimeter, than there 

would be one photon emitted per NO molecule by reaction (1) i n  every few 

hours. Actuelly, however, the glow disappeared i n  a f rac t ion  o f  an hour 

and a t  the time we speculated that t h i s  could be due t o  nitrogen atoms 

I f  the 0-atoms had a 

via: N + NO + N, + 0 : k r: 10-1' (3) 

This idea that the N-atoms might be i n  su f f i c ien t  concentration t o  i n te r -  

fere has not been widely accepted. 

We have been looking fo r  other chemicals t o  release which might 

give 1) more luminosity (per pound) 
2) 
3) indicate the N-atom concentration 

avoid destruction by N-atoms (or other loss mechanism) 

W)len considering ways to  have a more intense lwninosity the 

question also arises as t o  what i s  the amount o f  energy stored as 

dissociat ion energy i n  the upper atmosphere and what i s  the number of  

l i g h t  quanta which could be emitted i n  a process which emlts one l i g h t  

quanta i n  the v i s i b l e  f o r  each 0-atom or f o r  each pa i r  o f  0-atoms. 

Assuming a maximum 0-atom concentration i n  the le0 km a l t i tude  region of  

l o l a  par t ic les per 
per cma, IO** 0-atoms are present during the night. 

these 1018 0-atoms could release an energy equtvalent o f  0.1 cal/cm2* 

Since the sun radiates about lo1' l i g h t  quanta i n  the Visible, the 

0-atoms stored i n  the upper atmosphere are suff icielrt ,  i f  an adequate 
chemical reaction could be found, t o  emit f o r  a few seconds a l i g h t  

in tens i ty  equivalent t o  the luminosity o f  the sun during daytime. 

Obviously t h i s  high in tens i ty  - short duration emisslon i s  not pract ica l  

to  achieve. It i s  well i n  the r e a l m  o f  possibi l i ty ,  however, t o  release 

substantial amounts of a chemical w i t h  rockets i n  the regions where the 
0-atoms are most abundant and thereby induce photochemical reactions 

over wlde areas. The emission may be su f f i c ien t  t o  be easi ly seen from 
the  ground, or  even t o  brighten the night sky fo r  several hours t o  a 

degree more than thet of a fu l l  moon (more than 1Ola l i g h t  quanta per 
centimeter square pew second). 

and a scale height o f  10 km = IO', we see that, 

By recombination, 



w * 

I remember from over th i r ty  years ago when we had been f i r s t  

studying reactions wi th oxygen atoms, that  hydrogen su l f ide gave a 
beautiful intense blue emission.(4) This glow i s  also readily observed 

w i t h  the reaction o f  O-atoms with sulfur, carbonyl sulfide, and carbon 

disul f ide,  A release of  such a chemical might give a high intensi ty 

of l i g h t  via: 
SO t 0 + SO, f hv j k =I 3.10g16 (4) 

For CS2 we have studied the reaction and i t  probably follows a m u l t i -  

step oxidation a t  these low pressures: 

C S a  + 0 + CS + SO j ksm (SI, 
CS + 0 * CO + S 8 k6m lo-" ( 6 )  
S + 0, -e SO + 0 ; k,m lo-', (7) 
SO + 0 3 SOa + hu k,- 3.1Oo1' (4) 

Reactions (5-7) appear t o  be fast  w i t h  eff iciencjssof 10-3 or better 
while reaction (4) may be 10-6 or better. The coeff ic ients indicated 

are estimated from preliminary work a t  room temperature from 100 microns 

down t o  5 microns. 

Reactions (5-7) consume rapidly O-atoms without light emission. 

Therefore a release of CSa in the upper atmosphere may y ie ld  e dark 
center with a br ight  blue shel l  which would grow with time. Unfortunately, 

there can be no regeneration of the SO v i a  

so1 + 0 .+ so + 0, (8) 

It might be well e t  th is  point t o  compare the re la t i ve  inten- 

s i t i e s  of SO emission resul t ing from reaction (4) end No emission from 
reaction (1). It i s  t rue that WO may be regenerated by reaction (2), 

whits SO i s  not regeneraged by reaction (8). The reection rate o f  NO 

Is, however, smaller (k 91 3.10-17) coffpered t o  that  from SO (k f 3.10~16)o 

Furthermore the NOo produeed by reaction (1) Is apparently not avel1- 
able for  regeneration because o f  reaction wjth N-atoms. Therefore, the 

release of a sulfur cumpound should give a subs tmt ia t l y  brighter 

1 umi nosi t y  . 



, 
- . * 

8 

4. 

Because o f  the possible interference of  N-atoms i n  the n i t r i c  oxide 

release, we decided t o  investigate the mixed N-atom-0-atom reaction with 
sulfur compounds. We have t r i e d  the effect o f  N-atoms with a mixture o f  

carbon d isu l f ide and 0-atoms and i t  not only doesnrt interfere, i t  can 

actual ly enchance the to ta l  emission v ia  the following reactions:" 

CSa + 0 I* CS + SO 8 k,- 10.12 (5 1 
CS 4 O +  CO + S 1 k,* 1Oa1O (6) 
S + 0, 3 SO + 0 8 k,- 10-1' (7) 
SO f N 3 S + NO 4 kf,a 10-13 ( 9 )  
NO + 0 3 NOa + hv (1  1 
SO 4 0 + SOa + hv I kern 3.10116 (4) 

kl- 3.10-l 

The blue emission from (4) i s  not only enhanced by the production o f  O-atoms 

from N-atoms v ia  Reections (9) and (7), but also the color may change t o  

y i e l d  a more whit ish glow w i t h  time due t o  l i g h t  emission by reaction (1). 
This effect was reedi ly observed i n  the laboratory. Reaction ( 9 )  should 

be of basic importance f o r  a sulphur or NO plus sulphur release i n  the 

upper atmosphere since the SO w i l l  have the e f f e c t  t o  destroy the N-atan8 
and hence the resul t ing NO may have a substantial longer l i fe t ime a t  

least  near the center o f  the rejease. 

The ro le  of N-at- i n  the upper atmosphere i s  not en t i re ly  

clear because of the lack o f  d i rect  experimental evidence f o r  the 

concentration and duration i n  the upper atmosphere. The #-atoms should 

have a l i fe t ime of  some hours a t  100 kilometers (3) i f  they were consuned 
only 4y the reaction: 

N 4 Oa 4 NO t 0 4 kl, = (10) 

Gl& observed fro& ths grenade releases 

which would accelerate reaction (lo), w i t h  the subsequent reaction of 

NO with 0-atoms i n  reaction ( l ) r  

be dw t o  a shock waw 

These reactions have been studfed by Oondes and L i u t i  In  detail. This 
work 1s being prepared fo r  publication.' 

* 



There arises the interesting problem of  what other substances could be 

considered for  such releases and what properties they should possess. 

Since the release o f  these substances w i l l  take place a t  very low pres- 

sures 0-atom concentrations are highest, i t  would be preferred t o  have 
two-body reactions, since theee-body reactions may be neglected. The 

two-body mechanism may be of two types: 

and 

AB + 0 3 AO* + 0 

AO" A0 + hv 

x + 0 + xo* 
XO* XO + hu 

Type I 

Type I1 

A t  present we donlt know any reactions o f  Type I involving 0-atoms which 
would e m i t  l i g h t  i n  the v i s i b l e  with a high efficiency. \.k are therefore 

l im i ted  t o  Type 11. To t h i s  group belongs reaction ( l ) ,  which can be 
wr i t ten  i n  the form as above as: 

NO + 0 + Nb*'* * NO, + NO2 + hv 

Other representatives of t h i s  type 04 substance which have t o  be con- 

sfdered are mstals release direct ly, or as metal organic compoundsI or 
as v o l e t f l e  inorganic compaunds. Unfortunately these reactions are 

d i f f i c u l t  t o  etudy and simulate i n  the laboratory, because usually metal 

oxl.des are formed which w i l l  deposit on the walls o f  the verse1 and 
ca ta ly t i ca l l y  destroy the 0-atoms. The ideal metal could behave i n  two 

ways : 
( I )  M + 0,MO 4 hv (a) 

MO + 0 3 M + 0 ,  (b) 

The l i g h t  emission should be i n  the region where the .eye i s  most 

sensit ive and the MO or MO, should not undergo a chemical reactien w i t h  

N-atoms which stops the chain. To properly investigate these types of 

reactions, we would need a w r y  large reaction vessel1 so that  the wall 

effects would become reduced. We mda a l l  our experiments i n  a reaction 

vessel o f  50 l i t e r s  a t  about 10-20 micron pressure. This pressure i s  
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about by a factor 100 lower than most experiments which are performed w i t h  

atoms generated i n  a glow-discharge, but s t i l l  a factor 10 higher than 

the pressure i n  the chemosphere. We would l i k e  t o  emphasize, that 
under our experimental conditions we came nearer t o  the condition which 

prevai l  i n  the chemosphere, than most of the experiments performed on 

these lines. 

We investigated a series o f  the metal organic compounds (6). 

I n  the f igure can be seen the spectrun of  l i g h t  emitted. 

From these substances Al(CH,), gave, with 0-atoms, a most beauti ful white 

luninosity. 

The dissociat ion energy of A 1 0  i s  quoted as Do- 3.75 vo l ts  i n  G .  Hertberg, 

Spectra of Diatomic Molecules, 1951 . 
in  line d t h  the observed spectrum which extended t o  about 3800 A. A 

chain reaction (5) i s  therefore possible via: 

This dissociation energy would be 

A1 + 0 4 AlO*  A10 + hu 

and 
A10 + 0 3 A1 + 0, 

This would f u l f i l l  both properties which one would desire for 
a chemical substance for release, namely a luminosity which is 
predominantly i n  the visfble, and also a chain mechenfam t o  regenerate 

the reactant. 

A t  present we are designkg an experfmntal arrangement which 
can extend the work s t i l l  lower pressures t o  more nearly simulate the 

Chemsphere. 

The authors wish t o  acknowledge the assistance of  Or. 1. 0. 
Basrett i n  preparing this peper. 
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